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Abstract  11 
 12 
Near-infrared spectroscopy is a somewhat unutilised technique for the study of minerals. The 13 
technique has the ability to determine water content, hydroxyl groups and transition metals.  14 
In this paper we show the application of NIR spectroscopy to the study of selected minerals. 15 
The structure and spectral properties of two Cu-tellurite minerals graemite and teineite are 16 
compared with bismuth containing tellurite mineral smirnite by the application of NIR and IR 17 
spectroscopy. The position of Cu
2+
 bands and their splitting in the electronic spectra of 18 
tellurites are in conformity with octahedral geometry distortion. 19 
The spectral pattern of smirnite resembles graemite and the observed band at 10855 cm
-1
 with 20 
a weak shoulder at 7920 cm
-1
 is identified as due to Cu
2+
 ion. Any transition metal impurities 21 
may be identified by their bands in this spectral region. Three prominent bands observed in 22 
the region of 7200-6500 cm
-1 
are the overtones of water whilst the weak bands observed near 23 
6200 cm
-1
in tellurites may be attributed to the hydrogen bonding between (TeO3)
2-
 and H2O. 24 
The observation of a number of bands centred at around 7200 cm
-1
 confirms molecular water 25 
in tellurite minerals. A number of overlapping bands in the low wavenumbers 4500-4000 cm
-
26 
1
 is the result of combinational modes of (TeO3)
2−
ion. The appearance of the most intense 27 
peak at 5200 cm
-1
 with a pair of weak bands near 6000 cm
-1 
is a common feature in all the 28 
spectra and is related to the combinations of  OH vibrations of water molecules, and bending 29 
vibrations ν2 (δ H2O). Bending vibrations δ H2O observed in the IR spectra shows a single 30 
band for smirnite at 1610 cm
-1
. The resolution of this band into number of components is 31 
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 2 
evidenced for non-equivalent types of molecular water in graemite and teineite. (TeO3)
2-
 32 
stretching vibrations are characterized by three main absorptions at 1080, 780 and 695 cm
-1
. 33 
 34 
Keywords: tellurites, graemite, teineite, smirnite, near-infrared and mid-infrared 35 
spectroscopy, Cu
2+
, (TeO3)
2−
 36 
 37 
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 3 
Introduction 39 
   Near infrared (NIR) spectroscopy is a technique which is an underutilised technique 40 
(1-7). Yet the technique is portable, easily used and provides spectroscopic data quite 41 
quickly. NIR spectroscopy has been termed by the author as ‘proton spectroscopy’ as any 42 
mineral which contains protons can be analysed by NIR spectroscopy (8-11). The reason for 43 
this is that NIR spectroscopy depends upon the measurement of overtone and combination 44 
bands.  Thus the overtone of bands in the mid-IR region occurs in the NIR spectral region.  45 
Further transition metal cations such as Fe
2+
, Cu
2+
, Mn
2+
 and many others show NIR bands in 46 
the high wavenumber region. Thus NIR spectroscopy not only measures vibrations involving 47 
protons but is an excellent method for determining the transition metal cations in the mineral 48 
structure.  49 
 50 
 51 
Near-infrared and mid-infrared spectroscopy has proven most useful for the study of 52 
diagenetically related minerals, as many minerals often occur with selenite and tellurite 53 
anions.  As little research work has been reported on the correlation between structural and 54 
spectroscopic properties in such tellurite minerals, in the present paper, we report on the 55 
structure and spectral properties of copper tellurites, graemite Cu[TeO3]·H2O and teineite 56 
Cu[TeO3]·2H2O. In order to investigate the effect of other cations of Bi, Pb, Sb and or Fe in 57 
tellurites, near-infrared and mid-infrared measurements have also been made on bismuth 58 
tellurite, smirnite (BiO)2[TeO3] as a comparison with that of copper tellurites. 59 
 60 
Experimental 61 
 62 
Minerals  63 
 64 
Selenites and tellurites may be divided into five groups according to their formula and 65 
structure. (12) The five groups are (a) A(XO3), (b) A(XO3)·xH2O, (c) A2(XO3)3·xH2O, (d) 66 
A2(X2O5) and (e) A(X3O8).  Of the selenites, molybdomenite is an example of type (a); 67 
chalcomenite, clinochalcomenite, cobaltomenite and ahlfeldite are examples of type (b) and 68 
mandarinoite is an example of type (c).  There are no known examples of selenite minerals 69 
with formula (d) and (e). The tellurite group, however, consists of minerals that can be 70 
categorised into each of the five formula types.  Fairbankite, balyakinite, plumbotellurite, 71 
 4 
mocktezumite, magnolite and smirnite are examples of type (a); graemite, teineite and 72 
chalcoalite are examples of type (b); zemmanite and emmonsite are examples of type (c); 73 
rajite and denningite are examples of type (d) and spiroffite, winstanleyite, carlfreisite and 74 
pingguite are examples of type (e). An additional group with alternate formula and structure, 75 
is one in which the minerals contain water and/or OH units. The minerals of rodalquilarite, 76 
sonoraite, cesbronite, guilleminite, marthozite, demesmaekerite and haynesite are represented 77 
by this group.  The two related minerals teineite Cu(TeO3)·2H2O (13-18) and graemite 78 
Cu(TeO3)·H2O (19, 20) are examples of hydrated tellurites. [For more information one may 79 
look into the MINDAT website http://www.mindat.org/dana.php?a=34.]    80 
 81 
 Teineite and graemite possess zeolite-like structure with a negatively charged 82 
framework of [Cu(TeO3)].  These minerals have large open channels of 8.28 Å, parallel to 83 
[0001] (21).  The structures of teineite and graemite are described as layers of edge-sharing, 84 
Cu octahedra which are interconnected by TeO3 pyramids.  The Cu atom has (4+1) 85 
coordination.  The Te atom is coordinated with three O atoms to form pyramids (13).  86 
Teineite and graemite appear to be isotypes of chalcomenite (16, 17). Other tellurite minerals 87 
like emmonsite, mackayite and sonoraite are often found together in tellurite mineral deposits 88 
(22). Teineite, graemite and some related compounds have been synthesised (13, 23-25).  89 
Related minerals kinichilite Mg0.5[Mn
2+
Fe
3+
(TeO3)3]4·5H2O (26) and emmonsite, 90 
Fe2
3+
Te3
4+
O9·2H2O, are found in the tellurium rich deposits of Mexico (27).   The importance 91 
of these tellurium bearing minerals is their open framework structures with negatively 92 
charged surfaces and zeolitic pores (28).  Both minerals fit into the Dana Classification 8th 93 
edition as A2(XO3)3·xH2O [web site http://www.mindat.org/dana.php?a=34&b=3]. Other 94 
tellurite minerals are cliffordite UTe3
4+
O9 (29, 30) and keystoneite 95 
Mg0.5[Ni
2+
Fe
3+
(TeO3)3]4·5H2O (31, 32).  96 
 97 
The minerals used in this work, their formula and origin are listed in Table 1.  98 
Tellurites procured from the Mineralogical Research Company, USA: graemite  99 
Cu[TeO3]·H2O and teineite Cu[TeO3]·2H2O originated from Bambollita Mine, Moctezuma 100 
District, Sonora, Mexico where as smirnite (BiO)2[TeO3] originated from Niedere Scharte, 101 
Rauris Tal, Hohen Tauern, Salzburg, Austria . Anthony et al. reported the typical composition 102 
of these minerals (22)   by chemical analysis to be 61.20% TeO2, 31.00% CuO and 8.20% 103 
H2O graemite, teineite: 6.96% SO3, 50.63% TeO3, 29.54% CuO and 12.87% H2O and from 104 
 5 
electron microprobe analysis of smirnite: 60.90% Bi, 2.30% Pb, 1.90% Sb, 0.30% Fe, 0.10% 105 
Cu, 0.10% Ag, 20.70% Te and 12.50% O. 106 
 107 
  Infrared and Near-infrared (NIR) spectroscopy  108 
 109 
Infrared spectra were obtained using a Nicolet Nexus 870 FTIR spectrometer with a smart 110 
endurance single bounce diamond ATR cell.  Spectra over the 4000 to 525 cm
-1
 range were 111 
obtained by the co-addition of 64 scans with a resolution of 4 cm
-1
 and a mirror velocity of 112 
0.6329 cm/s. NIR spectra were collected on a Nicolet Nexus FT-IR spectrometer with a 113 
Nicolet Near-IR Fibreport accessory (Madison, Wisconsin).  A white light source was used, 114 
with a quartz beam splitter and TEC NIR InGaAs detector.  Spectra were obtained from 13 115 
000 to 4000 cm
-1
 (0.77-2.50 µm) by the co-addition of 64 scans at a spectral resolution of 8 116 
cm
-1
. A mirror velocity of 1.266 m sec
-1
 was used.  The spectra were transformed using the 117 
Kubelka-Munk algorithm to provide spectra for comparison with published absorption 118 
spectra. Spectral manipulations, such as baseline correction, smoothing and normalisation, 119 
were performed using the software package GRAMS (Galactic Industries Corporation, NH, 120 
USA).  121 
Band component analysis was undertaken using the Jandel ‘Peakfit’ (Erkrath, 122 
Germany) software package which enabled the type of fitting function to be selected and 123 
allows specific parameters to be fixed or varied accordingly. Band fitting was done using a 124 
Lorentz-Gauss cross-product function with the minimum number of component bands used 125 
for the fitting process. The Lorentz-Gauss ratio was maintained at values greater than 0.7 and 126 
fitting was undertaken until reproducible results were obtained with squared correlations ( r
2
) 127 
greater than 0.995.  Band fitting of the spectra is quite reliable providing there is some band 128 
separation or changes in the spectral profile.   129 
 130 
Results and discussion  131 
 132 
Near-infrared (NIR) spectroscopy 133 
The reflectance spectra (13000-4000 cm
-1
) of tellurites show diagnostic absorption bands 134 
related to d-d transitions and vibrational process involving hydroxyl units. A distinction 135 
between electronic and vibrational bands can readily be made since the former one is 136 
generally broad and occur in high wavenumber region and the latter is relatively sharp with 137 
 6 
absorption features usually appear in the low wavenumber region 7200-4000 cm
-1
. Many of 138 
these absorption bands are relatively broad and overlap. By the application of band 139 
component analysis the spectral differences between the minerals are illustrated in plots 140 
showing major absorption band positions. NIR spectral features are subdivided into three 141 
regions (Figures 1 to 3): the first region is the high wavenumber region 12500-7500 cm
-1
; 142 
spectra of the samples are shown in the Fig. 1. This is the region where characteristic 143 
electronic bands are caused by d-d transitions. Bands in the second region 7500-6000 cm
-1
 144 
are attributed to the first overtones of the fundamental OH stretching modes of water. In the 145 
third region 6000-4000 cm
-1
 bands appear due to the combinational modes of OH stretching 146 
and bending modes and bands at <4500 cm
-1
 may be attributed to the combination of the 147 
stretching and deformation modes of tellurite ion. 148 
 149 
Electronic spectra: 12000-7500 cm
-1
 spectral region 150 
 151 
Three minerals selected from tellurite group here for the study of spectral properties contain 152 
two different metal ions of copper and bismuth. Crystal field effects due to the presence of 153 
transition metal cations (3d-ions) are significant in their spectra as depicted in Figure 1. The 154 
dependence of composition on spectral properties is a key to mineral identification and forms 155 
the basis for subdivision of the minerals in tellurite group. For the analysis of electronic 156 
spectra a brief theory is also presented here.  157 
 158 
 Cu
2+
 corresponds to the d
9
 configuration and is considered with one unpaired electron. 159 
Hence there is one free ion term 
2
D. The 
2
D term splits into ground state 
2
Eg and excited 
2
Tg 160 
state in octahedral crystal field. But 
2
Eg is unstable and splits under the influence of Jahn-161 
Teller effect and 
2
Tg excited state also splits. Thus Cu
2+
 complexes never correspond to the 162 
regular octahedron; instead six-fold coordination (4+2) always occurs in the form of an 163 
elongated octahedron. As a result of distortion of octahedral symmetry copper complexes 164 
usually show three bands and are assigned to 
2
B1g  
2
A1g, 
2
B1g  
2
B2g and 
2
B1g  
2
Eg 165 
transitions (33, 34). In this case, the first two transitions are very close in energy and often 166 
appear in the form of one broad band in the near-infrared and third band may be observed in 167 
the visible region (35). Two transitions 
2
B1g  
2
A1g and 
2
B1g  
2
B2g have been reported for 168 
connellite Cu19(SO4)Cl4(OH)32·3H2O at  8335 and 12050 cm
-1
. NIR bands have been 169 
observed in copper bearing silicate, shattuckite Cu8(Si4O11)OH4 at 8330 and 10695 cm
-1
 (36). 
 
170 
 7 
Two NIR bands at 8050 and 10310 cm
-1
 were attributed to Cu(II) ion for smithsonite, a Cu 171 
bearing-carbonate mineral from Namibia (37) . A single intense band reported for Cu (II) in 172 
conichalcite [CaCuAsO4OH] at 8585 cm
-1
 was assigned to 
2
B1g  
2
A1g transition (38) . 173 
 174 
 The three tellurite minerals graemite, teineite and smirnite belong to the  175 
group of the type A(XO3)·xH2O and selenite minerals; chalcomenite and clinochalcomenite 176 
are also related to the same group where A = Cu and X = Se for chalcomenites; A = Cu and X 177 
= Te for graemite and  teineite and A = Bi and X = Te for smirnite. Hence their spectral 178 
features are comparable. The report on NIR spectra of chalcomenite and clinochalcomenite 179 
[CuSeO3·2H2O] shows a broad spectral feature in the spectral range 12400-7500 cm
-1
 arising 180 
from the divalent copper. A similar absorption feature extending from 12500 to 7400 cm
-1
 is 181 
shown by graemite and teineite. But the position and intensities of the bands are differently 182 
appeared. The spectrum of graemite exhibits two bands, one at 10395 with two components 183 
11240 and 9760 cm
-1
 and the second band located as shoulder at 8685 cm
-1
 are assigned to 184 
the  
2
B1g  
2
B2g and 
2
B1g  
2
A1g transitions of Cu
2+
 ion. Teineite Cu[TeO3]·2H2O spectrum 185 
(Fig. 1b) looks as though it is similar to graemite. 186 
Cu[TeO3]·H2O. The first band alone appeared here at 10650 cm
-1
 with two components 187 
(11335 and 9935 cm
-1
) is attributed to 
2
B1g  
2
B2g transition. The position of bands and their 188 
splitting in the electronic spectra of Cu
2+
 in tellurites are in conformity with octahedral 189 
geometry distortion (35, 39). Smirnite (BiO)2[TeO3] displays  spectrum shifted to higher 190 
energy when compared to graemite and teineite shows the effect of Bi and  other metal ions 191 
of Pb, Sb, Fe and Cu associated as minor in the mineral is also evident from the electron 192 
microprobe analysis (22). The spectral pattern of smirnite reasonably agrees with graemite 193 
and the observed band at 10855 cm
-1
 with a weak shoulder at 7920 cm
-1
 is identified as due to 194 
Cu
2+
 ion. 195 
 196 
NIR spectra: 7000-6000 cm
-1
 spectral region 197 
 198 
Fundamental and overtone vibrational absorptions of H2O and OH
-
 observed in reflectance 199 
spectra in the 7200-2000 cm
-1 
wavenumber region may be used to estimate the absolute or 200 
relative amount of water in particulate materials (40). 201 
Band component analyses of the spectra of three tellurite minerals in the 7500-6000 cm
-1
 202 
region are shown in Figure 2. Graemite and teineite from Mexico exhibit nearly similar 203 
 8 
spectra in which OH overtone bands result from the structural water in the minerals. The 204 
overtone bands of water have been observed in reflectance spectra of many H2O-bearing 205 
minerals. The first overtones of OH stretches occur at 7145 cm
-1
 and the combinations of the 206 
H-O-H bend with the OH stretches are found near 5260 cm
-1
.   For graemite three bands 207 
(Figure 2) are observed at 7090, 6895 and 6585 cm
-1
. Additionally, two weak bands are 208 
observed at 6110 and 6025 cm
-1
.  In teineite, these bands are shifted to high wavenumbers at 209 
7130, 7025, 6825, 6530, 6275 and 6075 cm
-1
. The first three bands in both cases are 210 
attributed to the first overtones of OH stretches observed in the range 3650-2800 cm
-1 
for 211 
water in minerals. The complexity of smirnite spectrum increases with more number of bands 212 
at 6940, 6860 and 6690 cm
-1
 and two weak bands at 6470 and 6340 cm
-1
. The three main 213 
bands in the region of 7200-6500 cm
-1 
are the overtones of water (23 and 21). Weak bands 214 
observed near 6200 cm
-1
in tellurites may be attributed to the hydrogen bonding between 215 
(TeO3)
2-
 and H2O. The observation of a number of bands centred at around 7200 cm
-1
 216 
confirms molecular water in tellurite minerals.  217 
 218 
NIR spectra: 6000-4000 cm
-1
 spectral region 219 
 220 
The minerals under study are characterised by three main absorptions in 6500-4000 cm
-1
 221 
region. For graemite three prominent peaks are observed at 5200, 4550 and 4088 cm
-1
. These 222 
positions vary a little in teineite and appeared at 5145, 4550 and 4020  223 
cm
-1
. There is a reduction of intensity of the bands in smirnite spectrum and this might be the 224 
contribution of other cations such as Bi, Pb, Fe, Sb and Cu incorporated as minor amounts in 225 
the mineral. Thus the bands appeared with diminishing intensity at 5090, 4485 and 4390 cm
-
226 
1
. The appearance of the most intense peak at 5200 cm
-1
 with a pair of weak shoulders on 227 
high wavenumbers at ~ 6000 cm
-1 
is a common feature in all the spectra and is related to the 228 
combinations of  OH vibrations of water molecules, (ν3/ν1) and bending vibrations ν2 (δ 229 
H2O). This feature further supports the presence of molecular water in tellurites. 230 
Investigations on near-infrared spectra of selenites shows bands in the region 7500-4000 are 231 
assigned to the overtones of water stretching vibrations and the vibrational units of  (SeO3)
2−
 232 
and this study of selenite minerals; chalcomenite, clinochalcomenite and cobaltomenite by 233 
Frost et al., reveals the assignment of the sharp band observed at 5170 cm
-1 
 along with a 234 
weak band near 5600 cm
-1 
are derived from the combinational modes of OH vibrations of 235 
H2O molecules.  236 
 9 
 237 
 A number of overlapping bands in the low wave numbers 4500-4100 cm
-1
 are a result 238 
of combinational modes of (TeO3)
2−
. Distinct patterns displayed by these minerals as shown 239 
in Figure 3 are utilised for rapid identification of the specific type of tellurite minerals. The 240 
assignment of the bands of three tellurite minerals reported in Table 2 and is comparable with 241 
selenites as both are related to one group. 242 
 243 
Infrared spectroscopy 244 
 245 
Hydroxyl stretching vibrations: 3700-2200 cm
-1
 spectral region 246 
 247 
Water and OH (hydroxyl) produce particularly diagnostic absorptions in minerals. H2O has 248 
three fundamentals: 1(symmetric OH stretch), 2 (H-O-H bend), and 3 (antisymmetric OH 249 
stretch). In vapour phase, they occur at 3650 cm
-1
 (1), 1595 cm
-1
 (2) and 3755 cm
-1
 (3).  In 250 
liquid water these modes shift to low wavenumbers due to hydrogen bonding (1 = 3220, 2 = 251 
1645 and 3 = 3445 cm
-1
). Molecular water, hydroxyl and hydroxonium ions play important 252 
role in the crystal structure of minerals. 
 
Molecular water (C2v) is characterised by three 253 
fundamentals: ν1OH and ν3OH stretching vibrations, both occur in the 3600-2900 cm
-1
 region 254 
where as the bending mode 2 H2O (δ H2O) appear in the range 1700-1590 cm
-1
. A free 255 
tellurite ion, TeO3
2- 
(C3v symmetry) shows four vibrational modes as ν1 758 cm
-1, ν2 364 cm
-1
, 256 
ν3 703 cm
-1and ν4 326 cm
-1
. It should be pointed out that there is little work has been done on 257 
tellurite minerals, in particular, near-infrared spectroscopy.  258 
 259 
 Molecular water that is weakly polarised by cations absorbs in the range 3650-3400 260 
cm
-1
 (weak hydrogen bonds). More strongly polarised H2O groups (strong hydrogen bonds) 261 
are commonly manifested as broad diffuse absorption bands below 3400 cm
-1
. IR spectra of 262 
the three tellurite minerals are presented in Figure 4. Graemite spectrum shows bands in the 263 
3700-2200 cm
-1
 region.  Prominent bands are displayed at 3470, 3240, 2905 and 2460 cm
-1
. 264 
These bands are shifted in teineite and are observed at 3470, 3430, 3260, 2920 and 2850 cm
-1
. 265 
The hydroxyl stretching vibrations of smirnite is less defined and only two bands are 266 
recognised at 3365 and 1610 cm
-1
. The shift of the first band 3OH (H2O) stretching vibrations 267 
to low wavenumbers in smirnite with reference to graemite is the influence of a number of 268 
cations of Bi, Pb, Sb, Cu and Fe in the mineral structure of smirnite. The observation of H2O 269 
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stretching vibrations νOH shifted to low wavenumbers compared to those of vapour-phase 270 
water molecules and  relatively narrow absorption bands in the range 3600-2500 cm
-1
, a 271 
common feature in all the spectra is the character of adsorbed molecular water in tellurite 272 
minerals.  Raman spectroscopy has been used to study the tellurite minerals teineite and 273 
graemite; both contain water as an essential element of their stability. For teineite prominent, 274 
Raman bands are observed at 3495, 3040, 2854 and 2286 cm
-1
. In the Raman spectrum of 275 
graemite, three Raman bands are reported at 3450, 3268 and 2937 cm
-1
.  IR bands of OH 276 
stretching vibrations closely resemble with Raman data.  277 
 278 
H2O bending vibrations (δ H2O):  1700-1300 cm
-1
 spectral region  279 
 280 
 Bending vibrations δ H2O are observed in all spectra.  A single band is centred at 281 
1610 cm
-1
 in smirnite. For graemite this band appears nearly at the same position 1615 cm
-1
 282 
but accompanied by three more bands 1565, 1520 and 1375 cm
-1. The δ H2O bending 283 
vibrations of teineite are well resolved at 1630, 1565, 1525, 1487, 1460 and 1370 with 284 
shoulder 1325cm
-1
 and the effect of Bi, Pb, Sb, Cu and Fe cations is remarkable. A number of 285 
bands in the H2O bending vibrations region show non-equivalent types of molecular water in 286 
the minerals.  287 
 288 
Tellurite (TeO3)
2-
 stretching vibrations: 1300-600 cm
-1
 spectral region 289 
 290 
Three main absorptions are centered in the spectrum of graemite at 1080, 780 and 695 cm
-1
. 291 
The strongest peak at 1080 cm
-1
 with prominent component bands at 1165 and 980 cm
-1
 is 292 
identified as δ Te-OH bending vibrations. Two IR bands at 800 and 780 cm-1 are assigned to 293 
the ν1 (TeO3)
2-
 symmetric stretching mode.  In the low wavenumber region of the spectrum 294 
three bands observed at  695, 635 and 610 cm
-1
 are attributed to ν3 (TeO3)
2-
 antisymmetric 295 
stretching mode. The IR bands in teineite at 795, 780 and 755 cm
-1
 are attributed to the ν1 296 
(TeO3)
2-
 symmetric stretching mode.  A group of three bands in the 700-600 cm
-1
 region at 297 
680, 635 and 610 cm
-1
 are related to the antisymmetric modes, ν3 of tellurite ion. The infrared 298 
spectra of the two minerals graemite and teineite are very similar since the mineral graemite 299 
is practically a dehydrated teineite. The intensity of the vibrational spectrum of tellurite ion is 300 
slightly different in smirnite (BiO)2[TeO3] and bands are located at 800, 780, 735, 695 and 301 
670 cm
-1
. The results of the IR spectra are with in the range of Raman data of tellurite 302 
minerals. The report on Raman spectroscopic study of tellurite minerals shows Raman bands 303 
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for teineite at 739 and 778 cm
-1
 and for graemite at 768 and 793 cm
-1 are assigned to the ν1 304 
(TeO3)
2-
 symmetric stretching mode whilst bands at 667 and 701 cm
-1 
for teineite and 676 and 305 
708 cm
-1
 for graemite are attributed to the ν3 (TeO3)
2-
 antisymmetric stretching mode.  Raman 306 
bands for teineite at 318 and 347 cm
-1
 are assigned to the (TeO3)
2-  ν2 (A1) bending mode and 307 
the two bands for teineite at 384 and 458 cm
-1
 are assigned to the (TeO3)
2-  ν4 (E) bending 308 
mode.  (TeO3)
2-
 bending modes (ν2 and ν4) are not observed here as they are below detectable 309 
limit of IR spectroscopy. Variable spectral parameters of tellurites are the guiding factors in 310 
the identification of three tellurite minerals investigated.   311 
 312 
Conclusions  313 
 314 
Near-infrared spectroscopy is a somewhat unutilised technique for the study of minerals. The 315 
technique has the ability to determine water content, hydroxyl groups and transition metals.  316 
In this paper we show the application of NIR spectroscopy to the study of selected minerals. 317 
The study of the near-infrared spectra gives a better insight into the nature of the vibrations 318 
and structure of tellurites. The study of the vibrational spectra in the near-infrared and mid-319 
infrared regions should be combined. This is particularly important for hydrogen-bonded 320 
systems.  Fundamental and overtone vibrational absorptions of H2O observed in reflectance 321 
spectra in the 7200-1300 cm
-1 
wavenumber region may be used to estimate the absolute or 322 
relative amount of water in minerals. 323 
 324 
The near-infrared spectra (12000-4000 cm
-1
) of three tellurite minerals graemite, teineite and 325 
smirnite are investigated. The mid-infrared spectra of tellurites have also been studied. The 326 
complexity of smirnite spectrum increases with more number of bands at 7150, 7090, 6940, 327 
6860 and 6690 cm
-1
 and two weak bands at 6470 and 6340 cm
-1
. Beside the first overtone 328 
bands of OH stretching (3 and of 1) vibrations, one intense band around 5200 cm
-1
 and two 329 
other weak absorptions  near 6000 cm
-1
 are assigned to the combinations involving the OH 330 
vibrations of water molecules observed in the mid infrared ( 3 = 3630-3430, 2 = 1615-1325, 
 
331 
and 1 = 3430-2460 cm
-1
).  A number of overlapping bands are the combinational modes of 332 
(TeO3)
2−
 ion 333 
observed in the low wavenumbers near 4500 cm
-1
. Distinct patterns displayed by these 334 
minerals are utilised for rapid identification of the specific type of tellurite minerals.  A single 335 
band is centred at 1610 cm
-1
 in smirnite. For graemite this band appears nearly at the same 336 
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position 1615 cm
-1 with splitting of components. The δ H2O bending vibrations of teineite are 337 
well resolved at 1630, 1565, 1525, 1487, 1460 and 1370 cm
-1
. The observation of a number 338 
of bands in the H2O bending vibrations region show non-equivalent types of molecular water 339 
in the minerals. 340 
 341 
Infrared absorption bands measured for the three tellurite minerals from three main 342 
absorptions centered  at 1080, 780 and 695 cm
-1
 are attributed to the vibrational modes of 343 
(TeO3)
2-
 ion .The strongest peak at 1080 with prominent component bands at 1165 and 980 344 
cm
-1
 is identified as δ Te-OH bending vibrations. 345 
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S. No Name Formula Structure 
 
Origin 
 
1 Graemite Cu[TeO3]·H2O Orthorhombic 
Bambollita Mine, Moctezuma 
District, Sonora, Mexico 
2 Teineite Cu[TeO3]·2H2O Orthorhombic 
Bambollita Mine, Moctezuma 
District, Sonora, Mexico 
3 Smirnite (BiO)2[TeO3] Orthorhombic 
Niedere Scharte, Rauris Tal,    
  Hohen Tauern, Salzburg, 
 Austria 
 421 
 422 
 423 
Table 1 Table of the tellurite minerals, their chemical formula and origin, used in this 424 
study  425 
 17 
 
 
 
Graemite 
Cu[TeO3]·H2O 
(Mexico) 
 (cm-1) 
[Present study] 
 
Teineite 
Cu[TeO3]·2H2O 
(Mexico) 
 (cm-1) 
[Present study] 
 
 
Smirnite 
(BiO)2[TeO3] 
(Austria) 
 (cm-1) 
[Present study] 
 
Chalcomenite 
Cu[SeO3]·2H2O 
(Bolivia) 
 (cm-1) 
[Reported  
41
] 
 
Chalcomenite 
Cu[SeO3]·2H2O 
(Canada) 
 (cm-1) 
[Reported 
41
] 
 
Clinochalcomenite 
Cu[SeO3]·2H2O 
(Bolivia) 
 (cm-1) 
[Reported 
41
] 
 
Suggested 
assignment 
 
 
11240sh 
10890c 
10395 
 9760c 
 
11335sh 
10650 
 9935sh 
 
11415sh 
10855b 
10155c 
 
11300c 
 9935 
 9065c 
 
11830c 
11245 
 9980c 
 
11225c 
10380 
 9050c 
 
 
2
B1g  
2
B2g  
t
 
 
 
 8685sh     7920sh  8585  8675  8560 2B1g  
2
A1g  
t
 
 
 
 7090  7130 
 7025c 
 6940 
 6860c 
 6950sh ~6900sh  7040sh  23 
a 
 
 6895 
 6585sh 
 
 6825 
 6530sh 
 6690sh 
 6470c 
 6810 ~6800  6810  21 
a 
 
    - 
 
 
 
 6110w 
 6025c 
    - 
 
 
 
 6275 
 6075w 
    - 
 
 
 
 6340 
 ~6150 
 6700 
 
 
 
    - 
~6700 
 6210c 
 6090w 
 
    - 
 6695 
 
 
 
    - 
 
 (SeO3)
2−
-H2O 
 
 
 
 (TeO3)
2−
-H2O 
 18 
   
 5690sh 
 5600 
 
 5680sh 
 5585 
 5720w 
 5585 
 
 5900sh 
 5640 
 5480c 
 5740sh 
 5595 
 5725sh 
 5630 
 5540c 
 
 (3 + 1) 
 a
 
 5200 
 4920c 
 5145 
 5050c 
 5195c 
 5090 
 5045c 
 5170 
 5070sh 
 5170 
 5090sh 
 5170 
 5020sh 
 
 (3 + 2) 
a
 
    - 
 
 4755sh 
      - 
 
 4775sh 
    - 
 
 4750sh 
 4835 
 
    - 
 
 4840 
 
    - 
 
 4740 
 
    - 
 
 (41 + 32) 
b 
 (51 + 32) 
c 
 
 
 4550 
 4450sh 
 
 
    - 
 
 4550 
 4525sh 
 
 
     - 
 
 4580 
 4485 
 
 
    - 
 
    - 
 
 
 
 4470 
    - 
 
 
 
 4505sh 
 4420 
    - 
 
 
 
  4545 
 
 
 (51 + 22) 
c
  
 
 
 
 (41+22) 
b 
 
 4265 
 4088 
 
    - 
 
 4285w 
 4020 
 
     - 
 
 4390 
 ~4300 
 
    - 
 
     
- 
 
 
 4100c 
 4075 
 
 
    - 
 
 
 4240c 
 4085 
 
    `- 
 
 
 4110sh 
 4075 
 4020 
 (41 + 32) 
c 
 
 
 (31 + 23) 
b 
 
 
 
 t
 Electronic transition of Cu
2+ 
 19 
a
 Overtones and combination modes of water stretching vibrations: 3 = 3630-3430, 2 = 1615-1325  and 1 = 3430-2460 cm
-1
 
b
 Overtones and combination modes of (SeO3)
2- 
fundamentals: 1 = 820-770, 2 = 580-470, 3 = 800-665 and 4 = 400-360 cm
-1 
c
 Overtones and combination modes of (TeO3)
2- 
fundamentals: 1 = 800-735  2 = 350-320, 3 = 695-610 and 4 = 460-380 cm
-1
 
  Abbreviations: c-component; sh-shoulder; w-weak  
 
  Table 2 Assignments of the NIR bands of Cu-tellurite minerals and in comparison with Cu-selenite minerals 
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